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We present results for time resolution studies performed on three different scintillating plastics
and two silicon photo-multipliers. These studies are intended to determine whether scintillating
plastic/silicon photo-multiplier systems can be employed to provide a fast trigger signal for NICA’s
Multi Purpose Detector (MPD). Our results show that such a system made of cells with transverse
dimensions of order of a few cm, coupled to silicon photo-multipliers, provides a time resolution
of about 50 ps, which can be even further improved to attain the MPD trigger requirements of 20 ps.
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I. INTRODUCTION
Scintillating detectors are used for a wide range of pur-
poses, from medical imaging and radiation security to
nuclear and high-energy physics. Scintillating detectors
are commonly coupled to photo-multiplier tubes (PMTs)
that can serve as the readout part of the detectors. How-
ever, in recent times there has been great interest in the
use of silicon photo-multipliers (SiPMs) as an alternative
to PMTs, due to their high photon detection efficiency
and good time resolution. SiPMs are low cost devices
which have the advantage of being compact and mag-
netic field resistant, see e.g. Ref. [1].
Detectors made of scintillating material with SiPMs
readout are also promising to obtain a competitive time
resolution [2]. These systems are used in high-energy ex-
periments mainly to detect charged particles. The com-
mon choice for the scintillation material is either a crystal
or a plastic. These materials produce light when sub-
atomic charged particles traverse them. In general, the
emitted light has a frequency in the high end of the vis-
ible region. The produced photons are collected by the
SiPMs that in turn generate electrical signals by means of
photoelectric processes. These systems have a distinctive
∗ Corresponding author, email:hzepeda@fis.cinvestav.mx
time resolution that makes them ideal to be used as part
of wake-up triggers in high energy collider experiments.
One such experiment, which is currently under con-
struction, is the Multi Purpose Detector (MPD) of the
Nuclotron-based Ion Collider fAcility (NICA) at the
Joint Institute for Nuclear Research (JINR) [3]. The
main goal of the MPD is to study the properties of
strongly interacting matter at high temperature and high
baryon density [4] and in particular to locate the possi-
ble critical end point in the QCD phase diagram [5]. For
these purposes, NICA will provide a wide range of hadron
beams, including heavy and light nuclei as well as protons
with center of mass energies between 4 and 11 GeV for
Au+Au collisions and up to 27 GeV for p+p collisions.
The design of the MPD includes, as its detector sys-
tems, the Inner Tracker (IT), the Time Projection Cham-
ber (TPC), the Zero Degree Calorimeter (ZDC), the
Electromagnetic Calorimeter (ECal), the Time of Flight
(TOF) and the Fast Forward Detector (FFD) [6, 7]. A
magnetic field of 0.5 T will be provided by a Magnetic
Solenoid. The barrel region is designed to cover a pseu-
dorapidity range |η| ≤ 1.2 with the end caps and the FFD
extending the coverage to 1.2 ≤ |η| ≤ 2 and 3 ≤ |η| ≤
3.9, respectively. The TPC, ECal, TOF, ZDC, FFD and
the Magnet are the detector systems planned to be in-
cluded in the first run, which is scheduled for 2020. The
IT will be added in a second run. Two Forward Spec-
trometers (FS-A and FS-B) based on toroidal magnets,
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2Figure 1. Telescope arrangement. The figure shows the rep-
resentation of the test scintillating plastic and reference scin-
tillating plastic (BC408). (a) side view. (b) front view.
may be installed for the third run and they are planned
to cover the region 2 ≤ |η| ≤ 4. Given the absence of
the IT for the first run, the FFD is supposed to provide
the trigger for the TOF. Simulations show that for the
large multiplicity environment in Au+Au collisions, the
FFD provides a good time resolution to serve as such a
trigger. This may not be the case, however, for the lower
multiplicities produced in collisions of lighter systems [8].
The need to find an adequate trigger for the TOF has
prompted research with the purpose to design a fast de-
tector component which may also serve as a redundant el-
ement and perhaps to extend the rapidity coverage of the
originally planned MPD elements. A possibility for such
a detector element has been put forward in Ref. [9]. This
is a beam-beam counter consisting of two discs made of
hexagonal scintillating plastic tiles. Each disc is planned
to be located 2 m away on either side of the interaction
point along the beam pipe. Details of its design and ca-
pabilities can be found in Ref. [9], which also shows the
time resolution for one kind of plastic tile coupled to ei-
ther a PMT or a SiPM, obtained in a pion beam test
made at the T10 facility at CERN.
In order to complement these time resolution stud-
ies, here we present the results of laboratory tests us-
ing a telescope array triggered both by cosmic rays and
charged particles coming from radiation sources, to mea-
sure the time resolution of several kinds of plastic tiles
coupled to different SiPMs. We show that a time resolu-
tion similar to the one obtained in the pion beam test is
achieved.
This work is organized as follows: In Sec. II we describe
the experimental set up. In Sec. III we outline the way we
carried out the data acquisition and present the analysis
of the results. In Sec. IV we discuss these results and
present our conclusions.
II. EXPERIMENTAL SET UP
The study was performed using tiles made of two dif-
ferent scintillating commercial plastics: BC404 R©Bicron,
BC408 R©Bicron. In addition, we also tested one scintil-
lating plastic developed at Facultad de Ciencias F´ısico-
Matema´ticas, Beneme´rita Universidad Auto´noma de
Puebla (BUAP), Me´xico [10] (BUAP-SP). We tested
the performance of two different SiPMs: (C-60035-
4P-EVB) R©SensL [11] and (S10985-050C) R©Hamamatsu
[12], which were coupled to the scintillating plastics to
compare their light acquisition and time response per-
formance. We placed these SiPMs at different locations
over each plastic surface in order to identify the opti-
mal geometrical configuration for the signal acquisition.
We also implemented some improvements in the data
readout by testing different configurations for the elec-
tronics that send the light sensor signals to the acquisi-
tion set up. The improvements were meant to obtain a
low noise fast signal (reaching a peak time in less than
30 ns) using common electronic devices and materials.
The BC408 and BC404 where taken as square tiles with
dimensions 10 × 10 × 2 cm3, whereas for the BUAP-SP
we use a hexagon tile 5.6 cm high and 1.5 cm thick.
To test the performance of the three scintillating plas-
tic tiles, we used a telescope arrangement consisting of
two BC408 scintillating plastics as the time references
(5× 2× 1 cm3). This arrangement is depicted in Fig. 1.
The telescope arrangement is used as the trigger that
selects events hitting the two references and the tested
scintillating plastics within a time window of 20 ns. The
charged particles passing through the array were either
cosmic rays or they came from radioactive sources. For
the latter we used Na-22, Mn-54, Co-57, Fe-55, Co-60,
Cs-137, Ba-133 and Cd-109, in order to choose the opti-
mal source that provided the best statistics.
III. ANALYSIS
In order to test the performance of the three scintil-
lating plastics, we first connected the Hamamatsu SiPM
using a bias around 72 V. We tested the different ra-
dioactive sources and chose to use Na-22 that provides
the highest number of counts. The radioactive source
was located at the center of each scintillating plastic. We
increased the voltage from 70 V to 72 V in steps of 0.5 V.
This range corresponds to the SiPM operating voltage.
For the electronics, we used a logic unit (Lecroy 365AL)
and a Scaler (CAEN N1145). For each operating voltage
we allowed five minutes for the light acquisition time. We
observed that the BC404 is the most efficient material for
the operating conditions. The comparison between the
performance of our three scintillating plastics is shown in
Fig. 2, from where we infer that the BC404 achieved the
best light acquisition performance for the optimal bias
voltage of the Hamamatsu light sensor.
The output signal through the bias circuit had the orig-
3Figure 2. Comparison between the three tested scintillating
plastics. BC404 achieved the best light acquisition perfor-
mance for the adequate bias voltage of the Hamamatsu light
sensor.
inal shape shown by the upper curve in Fig. 3. This
Figure 3. Comparison between the output signal from the
light sensor before (upper signal) and after (lower signal) the
electronic circuit modification.
signal had a recovery time of around 200 ns. After modi-
fying the circuit, we obtained a signal having a peak time
around 5 ns, and a recovery time of less than 30 ns. This
is shown by the lower curve in Fig. 3. The improvement
consists of adding a low value capacitor and a 50 Ω re-
sistance to the bias circuit. The modification had the
purpose to attain the same impedance for both, the bias
circuit’s output and the oscilloscope’s input. Further im-
provements using similar electronic devices are shown in
Fig. 4 where the complete signal is faster than 25 ns. The
final bias circuit scheme is shown in the lower panel of
Fig. 4.
To test which of the two SiPMs leads to a better time
resolution, we used a Time to Digital Converter (TDC,
CAEN V775N) with VME technology to measure the
time that the light produced by a charged particle (from
cosmic rays) took to pass from the scintillating plastic to
the light sensor. Based on calibration, we converted the
TDC units to time; one TDC unit (TDCU) is equivalent
Figure 4. (Top) Further improvements to the shape of the
signal. (Bottom) Scheme of the circuit used to bias the light
sensors, where R, C, CH, Gnd and PHD stand for Resistance,
Capacitor, Channel, Ground and Photo-diode, respectively.
to 0.05 ns.
For the time resolution measurement, we used the
BC404 scintillating material, which, according to our re-
sults, gave the best light acquisition. In addition, we
used the two sensors (Hammamatsu and SensL) which
were placed in three configurations on the scintillating
plastic: both sensors in the middle of the same surface,
one sensor on each surface, or both sensors at opposite
sides. We observed that the latter configuration gives
the best light acquisition. Figure 5 shows the compari-
son between the output signals for the two sensors for this
last configuration. The analysis was performed based on
the light acquisition distribution obtained when using the
telescope array. As shown in Fig. 5, each of the signals
4Figure 5. Light acquisition distribution as a function of time
in TDC units for C-60035-4P-EVB (top) and S10985 (bottom)
SiPMs. The comparison shows a better time resolution for the
S10985 SiPM which is around 2.4 TDCU = 120 ps.
consist of two peaks. This is due to the telescope-trigger
used for the measurements. The procedure to clean up
the signal is discussed further down in this section. From
the analysis, we observe that the Hammamatsu SiPM
signal is better than the SensL SiPM. The time resolu-
tion is obtained from the standard deviation of the time
difference distribution between the trigger and the light
sensor signal. A Gaussian fit to the first peak provides a
better time resolution analysis. We infer that the SensL
SiPM enables a signal with better statistics, albeit the
Hamamatsu SiPM provides a better time resolution. The
reason is that the peak for the BC404 emission spectrum
(410 nm) is located near the Hamamatsu SiPM’s maxi-
mum value for photo-detection efficiency at 450 nm [12].
Next, we focused solely on the Hamamatsu S10985
SiPM and performed further tests to improve the sys-
tem’s time resolution. In this analysis, we used as a trig-
ger the coincidence between one of the telescope’s scin-
tillating detectors and the BC404-S10985 system. When
using only one reference scintillating plastic we were able
to obtain better statistics. The measurement and the
analysis fit for the system’s time resolution are shown in
Figure 6. Upper pannel: Light acquisition distribution as a
function of the time difference between the trigger and the
SiPM’s delay signal in TDCU. Lower pannel: Gaussian fit
to the light acquisition distribution as a function of the time
difference from where we obtained a time resolution around
97 ps.
Fig. 6. We found a time resolution of 97.12±3.43 ps.
Figure 7. The upper signal is the trigger when the two signals
in coincidence were 4 ns wide. The lower signal shows the final
width of the light sensor digital signal occurring during the
trigger time.
5Figure 8. Top: Light acquisition distribution as a function
of time in TDCU, using the telescope array with the radioac-
tive source near one sensor with the BC404 as the scintillating
material. Bottom: Gaussian fits to the light acquisition distri-
bution from where we obtained a standard deviation around
68 ps. Note the presence of the second peak (see discussion
at the end of Sec. III). σ1 and σ2 are the sigma values of the
fit for the first and second peak, respectively.
In order to perform the analysis, we optimized the dig-
ital signals that define the trigger to make them finer.
These signals were originally some 10 ns wide and pro-
duced a variation of the time difference that depended
on the time interval when both trigger signals were in
coincidence. This variation could be about 1 or 2 ns.
The width of both trigger signals was finally reduced to
around 4 ns. These signals are illustrated in Fig. 7.
For the last measurement, the source was placed near
the surface where the sensors were located in both scintil-
lating plastics. Figure 8 shows the results of the analysis,
which reveals a time resolution of 58.95±4.49 ps. Notice
that the time resolution in this configuration is better
than the one shown in Fig. 6. This is expected since in
this configuration, the produced photons arrive faster to
the sensors than for the first configuration. To summa-
rize our time resolution measurements:
• For the configuration where the source is located
Figure 9. Top: Light acquisition distribution as a function
of the time difference between the light sensor trigger and
the delay of the light sensor signal itself, in TDCU. Bottom:
Gaussian fit to the light acquisition distribution from where
we obtain a standard deviation σ ' 49.35 ps.
in the middle of each scintillating plastic, the time
resolution is 97.12±3.43 ps.
• For the configuration where the source is lo-
cated near each sensor, the time resolution is
58.95±4.49 ps.
The second peak in the distribution of the number of
counts as a function of time has been previously studied
in Ref. [13]. In order to understand the nature of this
second peak, we performed tests varying the trigger con-
ditions. When triggering only with the sensor signal, that
is, without using any coincidence, the histogram shown in
Fig. 9 was obtained, from where we observe that the sec-
ond peak disappears and the time resolution amounts to
49.35±0.95 ps. Therefore, we attribute this second peak
to the electronic trigger set up. This test gives also an es-
timate of the limits to the precision for the measurement
of the time difference for the detection of the charged
particles between the trigger and the tested scintillating
plastic and sensor systems.
6IV. DISCUSSION AND CONCLUSIONS
In this work we reported on tests made for three differ-
ent scintillating plastics and two SiPMs to explore what
configuration provides the best time resolution to de-
tect fast moving charged subatomic particles. We found
that out of the three tested plastics, the BC404 is the
most efficient. The best time resolution was obtained
with the Hammamatsu SiPM. For this set of scintillating
plastic/SiPM combination, we performed the time reso-
lution measurement for two configurations using a tele-
scope trigger arrangement and a radioactive source of
charged particles. We also observed that when using this
trigger, it is sufficient to work with only one reference
plastic. The two configurations for the time resolution
measurement were: a) Sources located in the middle of
each scintillating plastic and b) sources located next to
each SiPM. We obtained time resolutions in the range
from 58.95±4.49 ps to 97.12±3.43 ps. In addition, in
order to figure out the origin of the second peak in the
charge count distribution vs. time, we repeated the mea-
surement without considering the telescope arrangement,
which removes the second peak. In fact, with this config-
uration the time resolution improves to 49.35±0.95 ps.
Based on these results, we conclude that it is possi-
ble to obtain a time resolution below 50 ps, for example,
using two SiPMs or reducing the dimensions of the scin-
tillating plastics. These results can be used to improve
the design for the SiPM distribution on the scintillating
plastic surface to obtain the optimal signal acquisition
for the MPD beam-beam counter detector. As shown in
Ref. [9], a time resolution around 45 ps can be achieved
for the 5 cm heigh, 2 cm wide hexagonal tested plastic
cell coupled to one SiPM. The results of this work agree
with those of Ref. [9] when accounting both for the larger
dimensions of the tested plastic cells and for the fact that
lower energy charged particles, such as the ones obtained
from the Na-22 radioactive source, are less efficiently de-
tected [8]. Finally, we notice that the second peak in the
charge distribution vs. time when using the telescope ar-
ray is due to the set up electronic trigger. In order to get
rid of this second peak, one can use a Constant Fraction
Discriminator instead of the simple discriminator. The
results of this work will be used for the final design and
construction of a trigger system to be employed as part
of MPD at NICA.
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